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IV. CONCLUSION

In conclusion, a general expression for the gain in term§-ph- [ Z ]
rameters, based on the physical concept of the input and output imped-
ances of the self-terminated circuit, has been provided. This expression
is mathematically equivalent to the one provided in termE-gfaram-
eters in the above paper, and invalidatesShgarameter formulation
provided by Randall and Hock.
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Cascio’s comments anfg-parameter derivation touch on an impor-
tant fundamental concept underlying the derivation described in the
above pape¥. The above paper did not go into depth explaining some
of the subtleties related to this, but we welcome the opportunity to do
SO Now.

In the above paper, we consider an infinite series of identical net-
works with the goal of accounting for the impedance mismatch when

a single network is self-connected. However, care has to be taken]_ 0 . . . .
. ; . . P ) s does not invalidate the approach since, when each network is
interpret and use this concept appropriately since an infinite series. of.

networks isnot the same as a single self-connected network. initialized with identical exponentially growing sine waves at the

. - . . frFquency of oscillation, no current flows through the resistors. What
In particular, consider a well-designed single-ended open-loop oscil-

. . . iS needed is a trick to remove the effect of the added resistor in
lator networkZ . To this network we add a resistéi to a new single- our steady-statanalysis while preserving the portion of the imped-
ended ground defining a new impedance maffjas shown in Fig. 1, Y Y P 9 P P

so that apces that affect the oscillat_ions. To do this, we consider a general
single-ended open-loop oscillator netwafk The network can be
N 4+R #+R represented using an ideal unilateral voltage amplifier, as shown in
= 4+ R z+R| 1) Fig. 2. When the circuit is drawn in this way, it is easy to see that
the element, plays no role in the oscillations and, therefore, can be

It is self evident that we have changed nothing fundamental abd@fmoved from consideration so that the steady-state gain takes on an
the operation of the oscillator when self-connected; its operatiéfjambiguous meaning. This step is described in the above paper and
frequency, loop gain, startup time, load€d etc, remain unchanged. 'emMoves not only the added resistatténserted above, but also any

When self-connected, no current flows through the added resistar@@ditional series impedance component already present (but perhaps
not obvious) in the original network. No such series impedances,

whether added externally or intrinsic to the network, are involved in
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Fig. 2. General network can be redrawn using an ideal voltage amplifier. This form makes it clear that the impedance gldikeeit in Fig. 1, plays no
explicit role in the oscillations.

A simplified form for G results from such a matrix with. = 0 and, The expression fof7 presented in the above paper does not suffer
from that, theS-parameter form as presented in the above paper canfo@m this problem. In addition, it does not give ambiguous results as
derived. Cascio’s expression would. We maintain that our expression correctly

We acknowledge, as Cascio states, thatthend.S-parameter ex- describes the essential characteristics of a closed-loop network based
pressions in the above paper give different results. This is deliberate andts open-loops-parameters.
important, as described above. Othiparameter expression includes Cascio correctly points out the typographical error appear on page
only the essential elements involved in the oscillations of a netwotk95 of the above paper.
while being independent of the elements of the network not involved
inthe oscillations. Therefore, we maintain that th@arameter expres- REFERENCES
sion in the above paper is more appropriate for oscillator analysis tha
that derived by Cascio.

Regarding Cascio’s comments about the sign of the expression,
strictly speaking, we agree with regard to ffigparameter expression,
and Cascio’sS-parameter derivation. Thg-parameter expression for
G in the above paper, however, requires one or the other sign to be
definitively chosen in advance. This is so the unwanted element
can be identified and removed from the steady-state analysis. For our
expression, the analog of changing the sign is to make an exchange of
variablesS,, < S22 andS» < Sa;.

This makes an excellent point regarding the power of the virtual
ground technique. As Cascio points out, this exchange must be made
for continuity when the direction of the oscillation reverses over some
band. If the loop is redrawn appropriately it will reveal an amplifier
and a passive resonator in the familiar and obvious configuration. To
say that the direction of oscillation reverses is to say that the amplifier
changes its direction of amplification. Practically speaking, then, we
can say that this situation is extremely improbable. The point here is
that, if drawn as a negative resistance oscillator, for example, we may
not have been able to make that statement with such confidence or at
all. This technique, then, has managed to remove some of the “magic”
out of oscillator design and replace it with intuition. For this, we are
quite proud to contribute.

Regarding the paper by Harada [1], until this time, we were not aware
of this study and we thank Cascio for bringing it to our attention. It is
true that Harada’s expression reduces to our expression in the special
caseSi> = 0. However, in the general case, whefe, # 0, the
results of Harada's expression are not independent of tharameter
test-set normalizing impedanég . This can be verified by noting its
appearance in th&-parameter form

r‘[1] K. Harada, “AnS-parameter transmission model approach to VCO anal-
ysis,” RF Design pp. 32-42, Mar. 1999.
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